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Space based terahertz radar for debris approach warning
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Abstract: Due to the long decay period, space debris in Geosynchronous Earth Orbit(GEO) continue
to accumulate, and threaten the safety of spacecraft, especially the dangerous debris which cannot be
observed from ground based instruments. According to the distribution and motion characteristics of debris,
a space based terahertz radar for debris approach warning is studied. Radar Cross Section(RCS),
wavelength, detection range and working process of the radar system are studied. Design and simulation
results are presented. The radar carried by a geosynchronous earth orbit satellite utilizes an active phased
array of the size 250 mm x 250 mm, with working frequency of 140 GHz and average power consumption of
190 W. The radar can search and track debris of diameter 6.8 mm—-15 c¢m in the cone of azimuth + 15°,
pitching + 15°, and the range of 1.95-24.12 km, and can warn the spacecraft at least 4-35 s before the
collision happens.
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Fig.1 Relationship between pulse duration and detection range
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Fig.3 Schematic diagram of transmit and receive module
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Table2 Position and velocity error of Kalman filtering Table3 Position and velocity error of continuous Kalman filtering
debris with diameter 6.8 mm

debris with diameter 6.8 mm

debris with diameter 15 cm

elements

elements

xaxis _ yaxis  zaxis  xaxis _ yaxis __ zaxis x axis y axis Zz axis
position error/m 16820 16840 41220  13.83 13.86 33.97 position error/m 7.032 7.038 17.24
velocity error/(m-s™) 46.990  46.950 115.000 3.874  3.875 9.490 velocity error/(m's™) 2.136 2.135 5.231
4 HIKRGSH
Table4 Radar system parameters
parameters value parameters value
orbit GEO signal pulse duration 13 ps
altitude 35 786 km pulse cycle 160.8 ps
satellite track while search, working period: 1.53 s, search
inclination 0 working mode regular time:1.47 s, track time: 0.06 s, track 4 times in every
working period
eccentricity 0 emergency continuous tracking one or more debris
type active phased array debris diameter 6.8 mm-15 cm
6.8 mm debris: 1.95-3.64 km
size 250 mm>250 mm range 15 cm debris: 1.95-24.12 km
element number 148x148 angle range azimuth: £15° pitch:+15°
antenna
. L 6.8 mm debris: 4s
spacing 1.7 mm warning time 15 om debris: 35.6
beam width 0.007 rad range resolution search: 0.08 m, track:0.89 mm
gain 52 dB measurement angular resolution 0.007 rad
type chirp pulse compression velocity resolution search 6.66 m/s, track 0.066 m/s
debris with diameter 6.8 mm:
' frequency 140 GHz regular mode position accuracly 41 2 m,'velocity accuracy 115 m/s
signal accuracy debris with diameter 15 cm:
position accuracy 34 m, velocity accuracy 9.510 m/s
band width search: 300 MHz, track: 5 GHz emergency mode positio'n aceuracy 17.2:m,
accuracy velocity accuracy 5.2 m/s
4 it
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